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GENE210 Trimester 1, 2014 
QUESTION 1 (20 marks) 


Select the ONE best answer to each question. All 15 questions are of equal value. 


All answers to QUESTION I must be written in the answer booklet provided. 


1. A frog has a diploid chromosome number of 26. After DNA replication the number of chromatids 


present in the nucleus would be: 


a. 13 
b. 26 
CHi52 
d. 104 


2. In tomatoes, tall vine (D) is dominant over dwarf (d) vine, round (O) fruit is dominant over pear 
shape (0) and normal leaves (M) is dominant over mottled leaves (m). The three genes 
controlling these traits are on Chromosome | in the tomato. A map is shown below: 


M D O 


True-breeding tall, round-fruited plants with normal leaves (MMddOO) were crossed with true- 
breeding dwarf, pear-shaped plants with mottled leaves (mmDDoo). The MmDdOo progeny 
were then test crossed to mmddoo plants. What are the genotypes of parental type gametes 
produced by the MmDdOo heterozygotes? 


a. MDO and mdo 

b. MmDdOo and mmddoo 
c. MDo and mdO 

d. mDO and Mdo 

e. MdO and mDo 

f. none of the above 


3. In Question 2 above, which gametes are the result of two cross-over events? 
a. MDO and mdo 
b. MmDdOo and mmddoo 
c. MDo and mdO 
d. mDO and Mdo 
e. MdO and mDo 
f. none of the above 


4. Which of the following statements about cytoplasmic inheritance is TRUE. List ALL answers 
that are correct. 


. Mitochondria and chloroplasts contain genetic material. 


a 
b. Mitochondria and chloroplasts are maternal in origin. 


© 


Only females show traits that are determined by mitochondrial genes. 


jon 


. Mitochondrial genes are located on the X chromosome in humans. 


Question 1 is continued on the next page 
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Which of the following statements about the Z chromosome in birds is TRUE. List ALL 


answers that are correct. 

a. Female birds have two Z chromosomes. 

b. Female birds are the heterogametic sex. 

c. In birds, females determine the sex of the offspring. 


d. The Z chromosome is a sex chromosome. 


Which of the following statements about X-inactivation is FALSE? 

a. In humans, only one X chromosome is active and the active X chromosome is always maternal in 
origin. 

b. In humans, the inactive X chromosome forms a Barr body in the nucleus. 

c. X-inactivation occurs early in development. 


d. X-inactivation is used to ensure that males and females produce the same amount of protein from X- 


linked genes. 


In a transformation experiment, competent FE. coli cells were mixed with plasmid DNA. The 

plasmid carried a gene for resistance to the antibiotic ampicillin. Which of the following 

statements about this experiment is FALSE? 

a. E. coli cells can be induced to take up DNA by treatment with CaCl, and a heat shock. 

b. E. coli cells that take up DNA will be able to grow on culture medium that contains 
ampicillin. 

c. Each colony that forms on the growth medium is derived from one bacterial cell that took up 
DNA during the transformation. 


d. When an E. coli cell takes up plasmid DNA, the plasmid replaces the bacterial genomic DNA 
in the cell. 


The E. coli Lacl repressor, regulates expression of the /ac operon. Which of the following 
statements about the LacI repressor are true? List all that are correct. 


a. The LaclI repressor is a negative regulator. 

b. The Lacl repressor is a positive regulator. 

c. The Lacl repressor blocks transcription of the /ac operon when lactose is absent. 
d. The Lacl repressor blocks transcription of the Jac operon when lactose is present. 


e. The Lacl repressor activates transcription of the Jac operon when lactose is absent. 


Which of the following types of mutation is not classified as a chromosome rearrangement? 
a. translocations 
. inversions 


. transversions 


aa St 


. deletions 


Question 1 is continued on the next page 
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THE GENETIC CODE TABLE 


SECOND BASE 
A 


(List ALL answers that are correct for this question.) In the coding region of an mRNA, a 
mutation changes a CCA codon into a CCG. This type of mutation is called a: 


silent mutation 
. nonsense mutation. 
missense mutation. 


. frameshift mutation. 


ono p 


base pair substitutiton. 


(List ALL answers that are correct for this question.) In the coding region of an mRNA, a 
mutation changes a UGU codon into a UGA. This type of mutation is called a: 


silent mutation 


. nonsense mutation. 


a. 
b 

c. missense mutation. 
d. frameshift mutation. 
e 


. base pair substitutiton. 


The frequency of deleterious alleles in a population is maintained by: 
mutation. 
. migration. 


random mating. 


aog¢e 


. natural selection. 


Question 1 is continued on the next page 


13. 


14. 


15. 


GENE210 Trimester 1, 2014 


In a randomly mating population, 84% express the dominant phenotype of being able to taste the 
bitter compound PTC (taster phenotype). The recessive allele, in homozygotes, causes an 
inability to taste the compound (non-tasters). What is the frequency of the recessive allele? 


a. 0.16 
b. 0.60 
c. 0.40 
d. 0.0256 


The following table gives the number of individuals with M, MN or N blood type in samples of 
two populations. 


Blood Type 
Population M MN N Total 
U.S. Caucasians 292 496 pares 1000 
Navaho Indians 84 15 1 100 


What is the frequency of the L™ alleles in the Navaho population? 


0.010 
0.085 
0.100 
0.160 
0.500 
0.915 


menos p 


In the following table, average differences of height, weight and finger ridge count between 
monozygotic (identical) twins (MZ - reared together and apart), dizygotic twins (DZ) and non- 
twin siblings (sibs) are compared. 


Trait MZ reared MZ reared DZ reared Sibs reared 
together apart together together 
Height (cm) 1.7 1.8 4.4 4.5 
Weight (kg) 1.9 4.5 4.5 4.7 
Ridge count 0.7 0.6 2.4 2.7 


Based on the data in this table, which of these quantitative traits would have the lowest heritability 
value? 

a. height 

b. weight 

c. ridge count 
d 


. can’t be determined 
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QUESTION 2 (20 marks) 


You have been employed to provide genetic advice to a veterinary clinic and have been given three 
pedigrees to analyse. In each pedigree, filled circles/squares represent animals that show the 
symptoms listed below. For each pedigree you need to: 


1) explain the likely mode of inheritance; 
2) list the facts that support that mode of inheritance; and 


3) provide advice about the risk in breeding the animal marked by an arrow in each pedigree. 


a. The affected Australian Shepherds in this pedigree have all developed cataracts. 


b. The affected cats in this pedigree all have pure white coats, blue eyes and are deaf. None of 
the other cats show any of these traits. 


x 


c. In this pedigree, the grey circles/squares indicate retrievers that have mild vision impairment. 
The black circles/squares represent dogs that have a more extreme form of the syndrome and 
are blind, short-limbed dwarfs. 
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QUESTION 3 (20 marks) 
ANSWER ALL PARTS TO THIS QUESTION 


a. Describe the main steps of DNA replication as it occurs in living cells. 


b. The polymerase chain reaction (PCR) is based on the process of DNA replication. Briefly 
describe the three steps in each cycle of PCR and explain how PCR differs from the process 
of DNA replication. 


QUESTION 4 (20 marks) 
ANSWER ALL PARTS TO THIS QUESTION 


Explain each of the following terms: 


. RNA processing 
. epistasis 
. steroid hormone receptor 


aa 8F f 


. green fluorescent protein 


QUESTION 5 (20 marks) 
ANSWER ALL PARTS OF THIS QUESTION 


A proportion of the individuals in a given population exhibit a deleterious trait that is controlled by a 
single gene. We know that this gene has only two allelic variants segregating and one of them is 
deleterious in the homozygous condition. Heterozygous individuals and individuals homozygous for 
the other variant are indistinguishable from each other and do not exhibit the trait. The population 
consists of 345 normal individuals and 155 affected individuals. The selection coefficient for the 


recessive homozygote is 0.1. 


a. Assuming Hardy-Weinberg equilibrium, what are the allelic frequencies in this population? 


b. What kind of selection pressure is being exerted on this gene and how will the allelic 
frequencies change over time (you can also use a figure to illustrate)? 


c. We assumed that this population is in Hardy-Weinberg equilibrium. Do you believe this is an 
appropriate assumption for this scenario? Justify. 
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QUESTION 6 (20 marks) 
ANSWER ALL PARTS OF THIS QUESTION 


a. Define natural selection. What distinguishes natural selection from the other factors that change 
allelic frequencies in populations? 


b. Discuss the concept of neutrality and how it can be used to help us better understand 
evolution. 


QUESTION 7 (20 marks) 
ANSWER ALL PARTS OF THIS QUESTION 


Show your full working out for these questions. 


Icelandic sheep are prized for the quality of their fleece. The average adult sheep in a particular flock 
produces 2.72 kg of fleece per year. A sire that produces 2.95 kg is mated with a dam that produces 3.18 kg 
per year. The narrow sense heritability of fleece production is 0.4. 


a. What is the expected breeding value for both sire and dam? 


b. What is the predicted fleece production for offspring of this mating? Would this be realised if only 
one lamb is born? Why? 


c. If this ram was mated to a group of 20 ewes with an average fleece weight of 3.18 kg would there be 
any difference to your answers to (b)? If so, what are they and why would they occur? 


d. Are there any other factors that could be influencing fleece weight? 


Please remember - This examination question paper MUST BE HANDED IN. Failure to do so may 
result in the cancellation of all marks for this examination. 
Writing your name and number on the front will help us confirm that your paper has been returned. 


